Purpose: Working memory (WM) deficits have been observed in people with schizophrenia (SZ) and are considered a core cognitive dysfunction in these patients. However, little is known about how stimuli and memory load influence visual WM deficits.
Introduction
Schizophrenia (SZ) is considered as a complex illness with multiple cognitive dysfunctions. 1 Working memory (WM) is one of the most examined cognitive functions in people with SZ and has been demonstrated to be impaired in a wide range of studies. 2 A meta-analysis showed that WM deficits could be observed across all WM subdomains and across a variety of tasks, indicating a robust and reliable deficit in SZ. 3 In this study, researchers investigated WM deficits in all three WM subdomains, namely, phonological, visuospatial, and central executive WM functions. The tasks included digit span, verbal learning, facial recognition, spatial span, and others. The meta-analysis results showed that although large deficits were observed in all the domains and tasks, there were no clear differences across the different domains or tasks. Some studies found that WM ability correlated with a series of other cognitive functions in SZ, such as visual retention, visual orientation, motor function, and even intelligence, suggesting the core role of WM deficits in SZ. 4, 5 Neurophysiological studies have consistently shown that prefrontal cortex (PFC) abnormalities are related to the WM deficits in SZ. 6 Using different tasks and stimuli, researchers have found abnormalities in the activation of the dorsolateral prefrontal cortex (DLPFC) or the
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she et al ventrolateral prefrontal cortex (VLPFC). [7] [8] [9] These findings suggest a relationship between WM deficits and PFC abnormalities across a variety of tasks.
Visual WM is well investigated in healthy population through the approach of psychophysics. 10 Delayed discrimination or delayed match-to-sample (DMTS) tasks are usually adopted to measure the precision or the capacity of the memory. [11] [12] [13] In this paradigm, a sample display is first presented. Subjects are required to remember the stimuli in the display as accurately as possible. A few seconds after the disappearance of the sample display, a test display is provided, and subjects are asked to make a two alternative force choice or an old/new judgment about the difference between the test and sample stimuli. Unlike other kinds of WM, visual WM emphasizes both the perceptual processing and the information retention. [14] [15] [16] [17] Although the deficits in WM in SZ patients have been widely investigated, 3 whether there are differences in WM tasks involving different stimuli is unknown, eg, face stimuli vs other types of stimuli. It was previously shown that facial perception is severely impaired in SZ. 18 For example, using a matching task, Martin et al 19 found that patients with SZ performed worse than control patients in terms of face recognition, ie, lower accuracy (ACC) rates. Using a visual search task, She et al 20 also found a face-related impairment in visual search performance in patients with SZ. These results indicate that there is a face-specific processing deficit in people with SZ. On the neurophysiological level, studies have found abnormalities related to face processing in both anatomical structures and functional activities. For example, the gray matter volume of the fusiform gyrus was revealed to be smaller in patients with SZ than in healthy controls (HCs) by magnetic resonance imaging (MRI) studies. 21, 22 His area, which was termed the fusiform face area (FFA), was found to be crucial for face perception. 23, 24 Importantly, the neural response to face stimuli in the FFA was also found to be smaller in patients with SZ than in HCs. 25 In summary, the results of these studies suggest that SZ may lead to physiological changes that affect face processing.
As described earlier, no evidence shows that stimuli could influence the WM deficit in patients with SZ. Therefore, the first motivation of the current study was examining the effect of stimuli on the WM deficit. As the processing of face stimuli may be specifically impaired in SZ, we hypothesized that patients with SZ may have problems in encoding face stimuli before holding the information in WM, thus resulting in a more severe deficit in WM related to faces than in memorizing other stimuli.
Furthermore, there was evidence showing that the memory load may not influence WM deficits in patients with SZ. 2 However, previous studies usually manipulated the load by changing the duration of the delay, which may introduce confounding factors such as the time of rehearsal and the patience of the participants. To exclude these factors, we manipulated the memory load by changing the number of items in the current study. If the memory load has no effect on the WM deficit, we would observe equivalent amount of WM deficits in tasks with different memory loads.
In summary, the current study aims to investigate whether stimuli and memory load influence the visual WM in patients with SZ. The results may help to elucidate the mechanism of such a deficit in SZ. Specifically speaking, if the results show nonequivalent WM impairments for different stimuli, it may imply that the visual processing of stimuli in WM is impaired in addition to a general deficit in WM ability of SZ.
Methods Participants
A total of 18 patients with SZ and 18 age-matched HCs were recruited for this study. Each patient was diagnosed with SZ according to the Diagnostic and Statistical Manual of Mental Disorders, fourth edition (DSM-IV). All patients were diagnosed with SZ for the first time and had been taking antipsychotics drugs or undergoing SZ treatment for no longer than 1 year before participating in the study. Only first-episode patients with SZ were included in the study in order to avoid confounding factors resulting from the combination of antipsychotic medication and illness chronicity. Participants were excluded if they had a history of severe neurological disorders, other serious physical illnesses, or substance-related disorders. Patients were evaluated using the Positive and Negative Syndrome Scale (PANSS) and the Personal and Social Performance (PSP) scale by a trained psychiatrist. 26, 27 The 18 age-matched healthy volunteers were determined based on the doctor's detailed consultation with the volunteers and their family. They reported no clinically significant illnesses, current or previous histories of any psychiatric or neurological disorders, and substance-related disorders. Individuals with family histories of psychiatric illness among their first-degree relatives were also excluded from the HC group. All of these subjects also participated in another study utilizing a visual search task that was published elsewhere. 20 The present study and the previous one investigated two independent cognitive abilities and had different implications regarding the cognitive deficits in patients with SZ. As it was difficult to integrate the two results, we reported them separately.
The present study was carried out in accordance with the ethical guidelines for Research on Human Subjects from the Institutional Review Board of Guangzhou Huiai Hospital, and written informed consent was obtained from all subjects in accordance with the Declaration of Helsinki. The protocol was approved by the Institutional Review Board of Guangzhou Huiai Hospital. All participants received payments for their participation.
stimuli and procedures
The subjects sat in a comfortable chair and were tested in a dimly lit room. The visual stimuli were seen from a distance of 85 cm, presented on a Dell 19-inch LCD monitor with a spatial resolution of 1,024×768 and a refresh rate of 60 Hz.
Throughout the experiment, the subjects were asked to fixate on a small dot that was presented at the center of the monitor.
Face and house stimuli were utilized. In all, 64 faces (32 females) with a neutral expression were selected from the Chinese Facial Affective Picture System (CFAPS). 28 The outer features (hair, ears, and face contour) were excluded, and the brightness and root mean square (RMS) contrast were matched via Photoshop. Finally, each face picture extended 1.93×2.10°. In all, 64 pictures of houses were selected from the Internet via search engines, such as Google. All pictures were converted to grayscale and stretched to the same size as the pictures of the faces. The brightness and contrast were also matched.
The experiment utilized a DMTS paradigm to examine two kinds of visual WM: face WM ( Figure 1A ) and house WM ( Figure 1B) . The tests were different only in terms of 
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she et al the stimuli used for memorizing and testing. In face WM experiment, each trial began with a fixation for a random duration between 1,000 and 2,000 ms. Then, one or two sample face(s) were presented on the screen for 600 ms at the four possible positions of top-left, top-right, bottom-left, and bottom-right relative to the fixation point. The center of each stimulus (face or house) was 2.47° away from the fixation point. Subsequently, another fixation was presented for 3,000 ms. The subjects were asked to try their best to retain the memory of the presented face(s) during this period. Following this, the probe face was presented for 600 ms, and the subjects were asked to press one of two keys to indicate if the probe matched one of the sample(s) ("n" for yes, "m" for no) as quickly and accurately as possible. There was no time limit for participants to respond. Each block contained 40 trials. Half of the trials contained one face in the sample stage (low load, easy task), and the other half contained two faces (high load, hard task). In each load condition, the probe in one-half of the trials matched the sample. The order of the four kinds of trials (low load or high load×matched or unmatched) was counterbalanced in each block. Each subject completed six blocks (three blocks of face stimuli and three blocks of house stimuli) of the experiment.
statistical analyses
Our experimental design was a 2 (stimulus: face/house)×2 (memory load: low/high)×2 (subject group: SZ/HC) mixed design. The stimuli and memory load were within-subject factors, while the subject group was a between-subject factor. ACC and reaction time (RT) were calculated for each subject. We first performed a 2×2×2 ANOVA for each dependent variable. Multiple t-tests with Bonferroni adjustment were performed when planned comparisons were needed. The effect size (ES) and statistical power were provided with each statistical test. The ES was the partial eta squared for the interaction effect and the main effect in ANOVA. In the independent samples t-test, the ES was the standardized mean difference (Cohen's d). Finally, we performed Pearson correlation analysis on the behavioral performance and the characteristics of the patients including duration of illness, clinical dosage, and symptom scores. Bonferroni adjustment was also applied as multiple correlation analyses were conducted.
Results
Demographic and clinical characteristics
The demographic and clinical data from the 18 patients and 18 HCs are given in Table 1 . There were no significant differences between the SZ group and the HC group in terms of gender, age (t=0.2, P=0.831), or education (t=0.2, P=0.823). Patients used antipsychotics including paliperidone, olanzpine, amisulpride, risperidone, and aripiprazole. The percentage of patients who used these antipsychotics was 44.44%, 27.78%, 22.22%, 11.11%, and 11.11% respectively. The dose of antipsychotics was converted to chlorpromazine dosage.
Behavioral performance of visual WM
In this WM experiment, the subjects were instructed to identify whether the target face (or house) was presented on the sample display. Trials with RTs outside mean±3 SD were excluded from further analysis. The averaged ACC and RT were calculated for each condition (Table 2; Figure 2 ). We then performed two 2 (stimulus: face/house)×2 (subject group: SZ/HC)×2 (memory load: high/low) ANOVAs to evaluate the ACC and RT results.
Regarding the ACC results, we first determined that there was no significant interaction among the three factors, F(1,34)=4.869, P=0.034, ES=0.125, power=0 .573. The significant interactions between these factors might be attributed to the stimuli and load having an influence on the RTs of the HC group but not the RTs of the SZ group. Figure 2 shows that the RTs were generally longer in the SZ group, but they remained relatively constant across conditions.
To further examine the effects of the stimuli, we calculated the average ACC and RT for each stimulus and then performed a series of comparisons between the two stimuli in each group. We found that the HC subjects demonstrated lower ACC, t (17) correlation between behavioral performance and the symptoms By analyzing the behavioral performance mentioned earlier, we found that the SZ patients had deficits in both face WM and house WM. We next investigated whether these deficits correlated with the severity of SZ. A correlation analysis was performed to compare behavioral performance and the symptoms of the SZ patients. The results showed that there was no significant correlation between the performance and the duration of illness or the dose of antipsychotics that were converted to chlorpromazine dosage for both face WM and house WM (Table 3) . Additionally, there was no significant correlation between the symptom scores and ACC or RT in each stimulus and load condition.
Discussion
Individuals with SZ showed lower ACC and longer RTs for both the face WM and the house WM than control participants, indicating a general deficit in visual WM among SZ patients. We calculated the ES of the WM deficit as the standardized mean difference of the ACC between SZ and HC in each condition (face/low load: ES=1.059; face/high load: ES=0.921; house/low load: ES=1.091; and house/high load: ES=1.121). The ESs of the WM deficits ranged from 0.92 to 1.12, a finding that was comparable to previous findings showing face WM deficits with an average ES of 0.82. 3 The ACC results showed that there were no significant interactions between the group and the visual stimuli or between the group and memory load. The ESs and statistical powers of the two interactions were relatively small (ES=0.02 and 0.06, power=0.11 and 0.31). These ACC results suggested that visual stimuli and memory load may have small effects on WM deficits in SZ. Power analysis further showed that more than 32,400 and 188 subjects are needed to detect significant interaction effects for stimuli×group and load×group, respectively, with a power of 0.95. Detailed analyses did not show lower accuracies in the face WM than in the house WM, indicating that the face may not be a special stimulus in the WM deficits in SZ. Further correlation analyses revealed that the WM performance was not correlated with symptoms. Thus, the current ACC results suggest that the WM deficits in SZ are not influenced by visual stimuli. In addition, our study showed that load manipulation may also have little impact on ACC in WM tasks among patients with SZ.
Unlike the ACC results, RTs revealed a significant interaction between the group and the other factors. One possibility for this result might be that the SZ subjects reacted with a constant speed. First, as Figure 2 shows, the SZ subjects had much longer RTs in all the conditions than the HC subjects. Second, we performed a 2 (load)×2 (stimuli) repeated measures ANOVA on the RT data from the SZ subjects and found no significant interaction and no significant main effects. In other words, RTs were constant among SZ subjects. Of note, the difficulty of the present study was not high enough even in the high-load condition. The constant reaction speed may show that SZ patients tended to prioritize ACC in the ACC-RT trade-off when the memory load was within their capacity. Although such an explanation seems reasonable, we cannot deny the possibility that visual stimuli and memory load can influence the RTs of SZ subjects. A previous study showed a deficit in processing speed in SZ subjects, which may be affected by factors Table 3 Correlation coefficient between symptom scores and the behavioral performance 
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she et al such as antipsychotic medication. 29 We also found substantial processing speed deficits in the WM tasks in the SZ subjects, which was consistent with previous findings. 29 Furthermore, our results indicated that such deficits were strong in the low-load house WM test and weak in the high-load face WM test. Additional studies are needed to investigate how stimuli and memory load affect processing speed deficits in WM and why the deficits are the weakest when face stimuli are used in a high-load WM task.
An important finding in the present study was that face WM ACC is not specifically impaired in SZ, as suggested by the nonsignificant interaction between stimuli and group. Comparisons between the ACC results for face and house stimuli showed a higher ACC in the house WM test in HC subjects, indicating that the test of memorizing houses was relatively easier. A marginally significant difference was found between the stimuli in the SZ subjects. The quantity of the difference between the two kinds of WM was equivalent for SZ (-0.026) and HC (-0.037), which contradicted our hypothesis that the ACC in the face WM task would be much lower among the SZ subjects. According to our hypothesis, face processing should be impaired in SZ subjects and lead to worse performance in the face WM. This hypothesis was proposed based on the inference that the patients with SZ suffer from face-related deficits in visual processing and such deficits might affect visual WM. First, previous studies have revealed a face-related deficit in visual processing, which might impact one or more processes of face WM. For example, MRI studies have found that the anatomical structure and activity of the FFA were abnormal in SZ patients, indicating impaired function in this area that processes face stimuli. 21, 22, 25 Furthermore, event-related potential (ERP) studies have shown that the face-related N170 component is also impaired in SZ patients. 30 More importantly, such an impairment in N170 was face specific, ie, other stimuli (eg, building or tree) induced N170 activity at normal or markedly less impaired rates than face stimuli. 31, 32 As SZ patients may suffer from face-related deficits in visual processing, the precision in encoding, maintaining, or retrieving face stimuli may be affected by these deficits, thus resulting in lower ACC in WM performance. However, we did not observe such a result in the present study. Therefore, our study results suggest that the precision of stimulus processing may not influence visual WM in SZ.
In addition to the effect of the stimuli on the WM deficit in SZ, our ACC results also showed little influence from memory load on the WM deficit. A previous study using a similar match-to-sample task found that the length of the delay period did not affect the WM deficit in SZ. 33 In addition, a meta-analysis showed that increasing the delay did not influence the WM deficit in SZ. 2 These studies manipulated the memory load by changing the delay, while we manipulated memory load by changing the number of items. Although all these results collectively indicate that the WM deficit in SZ is unaffected by memory load, it should be noted that the memory load was relatively low in the present study. Even in the high-load condition (two items), subjects performed well beyond chance for both stimuli (~0.65 in SZ and ~0.7 in HC). Therefore, the task appeared to be insufficiently difficult and within the WM capacity of SZ participants. Thus, additional studies are needed to better understand the effect of WM capacity on the WM deficit in SZ.
A previous meta-analysis found that there was no consistent association between the duration of illness, antipsychotic medications, or symptoms and WM in SZ, 3 which was also found in the present study. The lack of an association between the severity of illness and WM indicates that the WM deficit is an early indicator of SZ. In addition, spatial WM has been found to be impaired in both SZ patients and their unaffected co-twins. 34 WM deficits are, thus, a potential indicator of a high risk of SZ, even when the symptoms are not evident.
Although we did not find a stimulus-specific WM deficit based on the ACC results in the present study, it should be noted that the current design did not cover the whole range of WM load manipulation and that the results might change when three or more items are required to be memorized. Further studies are thus needed to examine the stimulus-related WM deficit in SZ patients using higher memory loads.
Conclusion
In summary, our ACC results demonstrated that the visual WM deficit in SZ patients may not be influenced by stimuli. In addition, the memory load may have little impact on the WM deficit when the load is relatively low. Furthermore, the WM deficit was not related to the duration of the illness, medication, or SZ symptoms. These findings reveal that the WM deficits in SZ might be a general impairment in WM ability and might not be related to the impaired visual processing of face stimuli in SZ. In the present study, only face and house stimuli were used. Additional stimuli should be examined in further studies. In addition, how the stimuli and load affect RTs in WM tasks among SZ patients requires further investigation. 
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